PACKED BED REACTOR TEST

Packed Bed Reactor Test Unit

The packed bed reactor is a fixed media system. Treatment occurs through biological activity
from the organisms attached to the support media as the wastewater passes through the media.

The PBR tested at the Adams facility was an upflow system and consisted of a 9-foot section of
schedule 80 PVC pipe, with a diameter of 10 inches. The PBR system was fitted with an influent
pump, feed flowmeter, methanol injection system, and other appurtenances. The support media,
for biological growth, were 1-inch-diameter, plastic Jaeger Tri-pack spheres with a void volume
of 90 percent, a surface area of 85 square feet per cubic foot of spheres, and a weight 0f 6.2
pounds per cubic foot of spheres. A schematic of the PBR tested at the Adams facility is shown
in Figure 63.

Packed Bed Reactor Operations - December 16. 1993 through November 21, 1995

After the PBR was inoculated with effluent from the UASBR, testing commenced on December
16, 1993 (Day 458), at a feed flow rate targeted at 0.1 gpm and a methanol dosage rate of 300
mg/L. Data collection commenced on January 1, 1994. The feed flow rate remained targeted at
0.1 gpm for the entire testing period, while the targeted methanol dosage rate was reduced to 200
mg/L on March 17, 1994 (Day 549), and then increased to 250 mg/L on August 1, 1994 (Day
549). The phosphate dosage for the influent drainage water to the Adams facility was increased
to 1.3 mg/L from 0.25 mg/L on August 29, 1995 (Day 1079).

PBR operations were suspended for two prolonged periods from March 10, 1995 (Day 907)
through March 30, 1995 (Day 927) due to flooding of the site and from August 30, 1995 (Day
1080) through September 15, 1995 (Day 1096) for maintenance activities. Problems were
encountered in maintaining consistent influent flow and methanol dosage rates into and through
the PBR throughout the testing period. On February 21, 1994 (Day 525), the influent flow rate,
measured by graduated cylinder and stopwatch, was determined to be 0.02 gpm.

The flow problems were related to buildup of gas, biological growth, and precipitation of salt
inside the PBR, the influent lines, and the effluent lines. Modifications made to resolve the flow
problems included replacing a pressure regulating valve on the discharge line of the dosing pump
on February 21, 1994 (Day 525); installing a gas relief valve on top of the PBR in March 1994 ;
relocating the PBR’s control valve and flow meter to the influent line from the effluent line on
April 1, 1994 (Day 564), and October 10, 1994 (Day 756), respectively; and separating the
PBR’s feed line from the line that also fed the UA2 and FBR2 on September 22, 1995 (Day
1103). Regular maintenance activities were instituted to flush the influent and effluent lines of
biological growth, gas, and precipitated salt as well as to clean the PBR and distribution plate to
remove biological growth and precipitated salt.

Packed Bed Reactor Results

The PBR was operated as a single-stage reactor, ran parallel to the UASBR and FBR2, and
reduced both selenium and nitrate. The feed selenium concentrations were previously presented
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Figure 63. Packed Bed Reactor Schematic
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in the UASBR Period 3 section, Figure 13. The average influent Tse, Sse, and selenite
concentrations for the entire PBR operation period from January 1, 1994 through November 21,
1995 were 524 ug/L, 506 ug/L and 3 ug/L, respectively. Figure 64 shows the effluent
concentrations for Tse, Sse, and selenite and averaged 387 ug/L, 243 ug/L, and 30 ug/L,
respectively, for the entire 23-month operation period.

Figure 65 shows the percentages of Tse and Sse reduced and dates when targeted methanol
dosage rates were changed. The reduction percentages fluctuated throughout the testing period
and averaged 26% and 51% for Tse and Sse, respectively.

Influent and effluent nitrate concentrations are shown by Figure 66. The effluent concentration
fluctuated during the course of operations and at times was greater than that of the influent. The
influent and effluent concentrations for the operation period averaged 29 mg/L and 11 mg/L,
respectively.

The ambient and reactor temperatures are shown by Figure 67. The reactor temperature
basically followed the ambient temperature. The average ambient from reactor temperature
difference was 1.6 C.

Figure 68 shows influent and effluent dissolved oxygen. Effluent DO from the PBR remained
stable throughout the entire testing period and averaged 0.8 mg/L. The influent averaged 8.8
mg/L.

Methanol dosage and the two dates for when the target rate was changed are shown by Figure 69.
Even though a stable dosage rate was difficult to maintain, the average dosage rate for the three
periods were 321 mg/L, 218 mg/L, and 269 mg/L for target rates of 300 mg/L, 200 mg/L, and
250 mg/L, respectively.

Influent and effluent total organic carbon concentrations are shown by Figure 70. Aside from a
period at the beginning of operations, the effluent TOC concentrations remained relatively stable
and averaged 32 mg/L (without the beginning period previous to February 21, 1994), while the
influent averaged 13 mg/L for the same period.

Figures 71, 72, and 73 show influent and effluent total suspended solids, volatile suspended
solids, and total dissolved solids, respectively. Even though the influent and effluent TSS
concentrations varied throughout the operation period, they both averaged 19 mg/L. The influent
and effluent VSS concentrations also fluctuated throughout the entire operation period, but
averaged 5 mg/L and 8 mg/L, respectively. The effluent TDS concentration was consistently
less than the influent and averaged 6,710 mg/L, while the influent averaged 8,200 mg/L for the
period.

Influent and effluent alkalinity and electrical conductivity and are shown by Figures 74 and 75.
Influent alkalinity was always lower that the effluent, and the difference between the two

47



1s91 ut 9jeg

S6/£2/60 56/L2/€0 6/82/60 v6/10/%0
$6/52/90 v6/L2/21 ¥6/0£/90 ¥6/10/L0
- 0
S
oL
Ewmw,q st
kw.olmMm 0¢
T4
oe
: S€
sainjeiodwiaj JusIquy pue iojoeay
/9 @2anbiy
159 ul ajeg
56/02/90 v6/20/LL Y6/S2V0’
$6/61/60 S6/WLIZ0  V6ILE/LO v6/£0/10
%08 52
. %0 3
- %0T
mm:mmw mawoc 1] osob m
‘pay lmmmﬂx. %09 m
"POH OSL % %08 B
%001 S
%021 8.

-abueyn abesoQ [oueyia|y Joj sejeq pue
peonpay wniudjas a|qnjos B Lo jo abejuadiad - HAd
S9 aunbid :

189 ui ayeq .
S6/62/60 S6/L2/S0 . 16/8Z/60 ¥6/1L0/70
56/52/90 veiLe/L Y6/0£/90 $6/10/L0
. . . 0
o1
P - 0z
uan
wan|yg o
vanju
uenjul o
05
09
S1BIUN
Juanyg pue JuaNyu| - Had
99 aunbi4
1591 Ul ajeq
$6/02/90 v6/20/LL v6/Se/V0
S6/61/60 S6/71/20 Y6/L2/L0 ¥6/E0/LO
- . —,
002
'f
ayuojes ooy
as a|qnjos 009
i . »
ag [e10L 008
0001
00Z1

91IUdJ9S pue WNjUIAS AqN[OS’
‘wniualag Je1o ] wuaniyd - Had
9 ainbiy

(N se /Bw) sreauN

(/6n) uonesuasuon

48



weaniy3a
O
wanpuj

aednew
aied

abesoq

isal ul ajeq
§6/0¢/90 v6/co/LL v6/5¢/v0 .

56/61/60 G6/¥1/C0 v6/L2/L0 v6/€0/10

spijos papuadsng jejol
jusnjyg pue Jusnju| - gHd
1L @anbi4

1591 uj s1ed

G6/£¢/60 §6/Le/E0 - ¥6/82/60 v6/10/v0
G6/5¢/90 v6/LT/C) ¥6/0£/90 ¥6/10/10

ajey ebeso( 10b.e] Jo abuey) 1o}
s1e pue abesoq joueyioly - HEd
69 a.nbiy

| 00€

0
o1
0z
o€
oy
0s
09
0L
08
06
001

(1/6w) spijos papuadsns ajnejoA

0
ool
002

oor
005
009

(/Bw) abeso( joueyiol

S6/61/60

iss | ul e1eq

49

¥6/£0/10

. 0 -

oot 9

00z 9

weniu3 008 m

—— 0oy =

juenyu| S0 005

009 =

s 0L @

008 *

uogaen o1uebiQ [e1o]
usnjyg pue jusnjjuj - Had
0L 2inb1gy
159 U 21eQ
S6/62/60 66/L2/€0 $6/82/60 v6/10/70
§6/5/90 ve/Le/eL ¥6/0€/90 ¥6/10/L0
0

%
ueniyg
JEEF
wanju

uabAx(Q panjossiq

uanjy3 pue jusnjjuj - Had

89 ainb14

(1/6w) uonieUASUO)D OQ



1s9] u ared
S6/£2/60 S6/L2/60  ¥6/82/60 ¥6/10/%0
S6/LL/0L 56/52/90 v6/LZ/2L  6/0E/90 ¥6/10/10
v
& S
: 9
R =
Juenjy L2
R S @
o 8
wanjuy 3
m [7]
ol
1
Auanonpuog [ea309|3
juanpiy pue juenjjuj - Hdd
G/ @anbid
_1s91 uj ajeq
$6/02/90 ¥6/20/L1 v6/52/v0
56/61/60 S6/v1/20 v6/L2/L0 ¥6/£0/10
000
& 0052
o
00 0¢, 0 2o om
wenpy3 °m B "
u | v 0058
uanjjuj || 0006
w 0056
00001

SpljoS paAjossiq [eloL
juan|}g pue juanjiui - Hed
€/ a4nbiy

(woygn) Aanonpuo? fesoay

(/bw) spios panjossid [B10L

Issi uj aled

56/€2/60 $6/L2/€0 ¥6/82/60 v6/1.0/70
56/52/90 v6/L2/21 6/06/90 6/10/10
00t
sl
iy 002
wen|y3 0s¢
enjuy 00¢
0se
(11112
0S¥
Ajugjeyly 1uanyj3 pue jusnjui
Hdd
L 94nbBig
1sa] ui 8jeq
56/02/90 v6/20/11 v6/S2/v0
S6/61/60 S6/v1/20 v6/L2/L0 ¥6/£0/10
bl X e 0
oL
e
weniya oz
+
wenpuj 0¢
oy
0

spijos papuadsng aj1e|oA
Jusnyyg pue Jusnjul - Had
2L aanbig

50 {g00en se yBw) Auunexy

(/6w spapuadsng [e10L



averaged 15.3 mg/L as CaCOj for the entire operation period. The EC remained relatively
constant between the influent and effluent values and the difference between the two, effluent

from the influent, averaged 22 uS/cm.
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